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Foreword 



.In 1966 the Department of Heald?, Education, and Welfare issued 
"Recommended Guidelines for PKU Programs for the-4sI^bor^r;^^ 
assist health departments and- others in establishing screening services for 
the detection and care of newborn infants with phenylketonuria. Programs 
that now function in most States were initially based on these^ guidelines, 
and have been frequently modifiej^ to include new developments. But there 
are problems that mlist be addressed, particularly .in hght of new possibili- 
ties: * % 

__ • 

L PKU screenincjfi often of \tss than optimal ( and attainable) effectiveness. 

2. Parents are, often poorly mformed about screening and about the use 
of specimens and results. % 

3. Neonatal stre«ning tests for other conditipns are available but the ques- 
tion arises of when they should be used on a population-wid^basis. 

* ' J, ^ 

The first part of this mpnograph is a review of new developments reFated 
to' these areas. Recommendations are presented .in the second part. Part III 
provides additional information abf)ut specific '^conditions other than PKU 
^(hat are detectable by screenmg ^ . ^ 

This publication is mtended pnnianly for tho^ involved in the organiza- 
tion and regulation of screenmg as a service As the objective "is to find 
affected subjects at a time when ^nterveotion vnay prevent the ill effeOjL 
of the disease" responsibility includes assuring that efficacioiTs "therapy vm\ 
be effectively provided PrcKedures involved in \\ic actual diagnosis and 
management of phenylketonuria, which w\ll be of Uuerest to those providing 
care to infants with presumptive positivd screenifM tests, are dealt with in 
other publications ^' '* • * ^ 

The Collaborative Study of Children Treated fori^hcnylkctonuria (a joint 
effort^ of n clinical programs co6rdinated throug©Child(en s Hospital of 
Los Angeles and supported by the Bureau of Cor^unity Health ^rvices 
through funds appropriated under title V of the S^ial Security Act) has 
collected a great "deal of data on outcome of trtatmeit PKU as well as 



on .screening. The author s evaluation 'of screening pt6grams was Ttiitiated 
on behalf of the Collaborative Pftoject. - Q 



Far^cip^ts in the PKU Collabor^ve Project include 

( • University of^ Matyiand School of 



Childreo^s Hospital 
Los Angeles, ^hfornia " 

' .* ' ' • • 

Regional Centemior the 
Developmental^ Pisabled 

Childiens Hospital^ and Health 
Center ^ 

San Diego, Carlifornia ' 

University of Coloraido School of 
' Me]^cine , 
Denver, Colorado 

Mailman Center ^ 
University of Mrami 
' l^iami, ^Florida 

Cook Ceunty Hospital 
Chicago, Illinois , 



Medicine 
Baltimore, Maryland 

Johns Hopkins:' 'Hospital 
Baltimore, Maryland 

Children's Rejiabilitation Center 
AChildreiTs Hospital 
/Buf!»k), New York 

State University of New York 
Syracuse, New York 

Children's I^jJ^dical Center 
Tulsa, Oklahoma 

University of Texa§ Medical School^ 
• Galveston, Texas 



Children s Memorial Hospital 
Chicago, Illinois 

Child Development Clinic 
Univer^ty of lovC^a 
Iowa City, Iowa 



University of Washington 
Seajjli^ Washington 

'Waisma^ Center on Mental Re- 
, tardatiooi and Human Develop- 
ment • 
University o^ Wisconsin 
' M^ison, Wiscx)nsin ' 



Part i: New DeVelbpitients 



PHENYLKETONURIA ' ' , * 

Prognosis ^ < , ^ ^ • 

There can no longer be any doutk that the early instftuuon of a diet, 
low in phenylalanine is efficacious in preventing retardawon from J>heny]- 
ketonuria. The PKil Collaborative Projec?s reports th^t the IQ (mean ±: 
s. d.f at 4 years of age in 97 PKU children identified and treated as a result . * 
of neonatal screenmg was-92 + 15.1.^ Thi5 is much higher than in uq- 
tx^tci or late-treated phenylketonurics, including sibling's of the' stUdy 
group. , The best outcome was observed in those in whora^ the (jiet i^zs *' 
started by 5 or 4 weeks of Ige Since screening has becpme w,idespread, 
the admission of^ children with PKU <o mental instiUitions has virtually ' 
ceas^. • . , ^ , 

Transient elevations and variafrts 

^ » ' • * "* 

all infants who have cleva'tions of serum phenylalanine on screening 

h^ve classical PKU. Eighty-fivc percent of infancs_ with premmptive positiye 

5^eening test results have normal concentrations on the n^a followup. Only ' 

5 percent will eventually be proved -to have PKU * Most of the remainder ^ 

with initial elevations will eventually have normal phenylalanine concentra- ,^ 

tions (less than 6 mg/1(X)^mb, but between' 1 and 2 percent will have' 

persiSteht moderate elevations of. up to 20 mg/100 fnl Jf blood phenylalanine 

* on re^lar cfiets " These variants probably represent several diHer(rnt defects ' 
butviK)st of t*hem are not at risk of retardation Refstrtction of dietary 
phenylalanme in a variant may result in^a severe' deficiency state and has 

/no proven bene^t. Thus, in any infant with a positive screenmg test, 'critewa^' 
compatible with a diagnosis of classical PKU must U present before therapy 
staf tec(. - ^ ... 

A form of phenylketonuria causihg severe retardation whi(;h is unrc^nsive- 
to dietary restriction of phcnylalanine'has recently been reporled In some 9( \' 
these infants the phenylalanine concentration m^ay not rise excessi\afly when 
they arev challenged with a regular diet ' " This •forna can be detected in ' 
fibroblasts and, as these mlants may benefit from early treatment with other 
n|pdes of therapy, skin biopsj? for, culture should he considered in any rfifant 
with persistent elevations of phenylalanine' 



Fidse negatives ' ; ' ^ ' . * 

Between 5 and 10 percent of infants ultinujely* proved to have, phenyl- 
kftdfiuria are not* detected ' by* newborn screening^. ( false^ negatives). ' ftost^' 
.of theip are missed't>ecause c^f tfae ea;ly age at whicfi they are screened; the 
blood phenylal|hine in infahts wii^ PKU may not ris« ab)ve^the usual c*t- 
off coricerttrat\on until 4 days o\ life or latej. ' ' Although p^ f^edi4 contrilj- 
•utes lO the 'possibility of normal *'alues in the first few days-' of 'life, r^^ttt^ 
are other iofkienang factors as ^ell. 'Un the United States most infants 
are screened on or before- the fourth -day of life. ' When infants ^e 
screened' later, as in the United Kingdom, there are virtually, iio false • 
i^pgatives. ' ,/ ^ * 

^ . ■ ,■ ■ -■, 

Laboratory error . v d 

Labotatories involved in sci^eeni^g do^not ajwayr^ain the true phenyl- 
, aMnine concentration/ in specimens presented to then?. ^''^ Errors which are . 
marked around the usual cutoff range of ^.mg/ 100 ml explain the signifieantf 
differences an the incidence of presumptive positive tests, States reported 
incidences between 5' 100,000 and 275 100,000 ^n infants tested on the 
third daV of l#fe ' As- the blood phenylalanine in infants wrth PKU oA^ 
be only mmimally \levated in the first 4 ^days of life, laboratory * erf*r 
contributes to^the failure to detect some affected mfants The urine ferric 
chlow^le test for^ PKl), or the Phenistix''' dip stick, w^U to detect a 
signiflcant niimbei of in'fants with I^KU regardles^s their age. It 
should not be used as a screening test. * . i 

^ Delays - * ^ ^ . . r 

. Excessive tim^ is frequently required to retrieve an infant with an elevated 
' first test. As a result of the delay some daf^age may be 'sustained by affected 
infants. In a nationwide 'survey, the average time between the first test and 
the followup was 25 days and in .over 22 percem of infants, the^time lapse 
wlli greater, than 'l month to obtain a fpllowiap These delays coifld be 
shortened by reducing the number of $creenin^ laboratOfies and .esxablishing 
well-defined procedures for communication between those collecting speci- 
mens, thf laboratory artalyzing the sp^imens/^nd those providing followup 



' car<^^ 



Unresolved problenfs 

• The succe^l management of PKU in early childhood has^ raided other 
problems, such as the question of when the diet should be t^minated. The 
Los Angeles PKU Collaborative Praject is studying the»^robNm by termi- 
niting the low phetiylaknine diet in ono-half of its subjects, selected at 
Tar^om, at 6 years of ^ge. , ^ ^ - n 



A $econ<f prpBlem relates to the pbservatt6n that infants of phenyiketonuric 
mothers, most of whjpi would not .be expected to' have PKl^ are almost 
'always retaWed and may,, in additifcn, have physical anomalib. The 
■question remaiAs unanswer^ ^s' to whtther female^ with PkU, who have 
attained normal inteliigencfe as a result of early tre^ment, can be protected 
from having retarded offsprmg i>y -maintenance of a Ic^w/phenylaianine.diet 
during pregnant^. < ^ . ^ 



ETHICAL AND LEGAL ISSUES 



:>t/m \ynsent, 



Failure to define objectives, benefits^ and^ risks, obt/m \ynsent, ^nd asaufe 
confidentiality, particularly ilh chro^osofne screening an6 sickle' cell carrier 
detection, has prompted* concern for safegQirdmg individual /ights in all 
genetic screenfng programs, mcluding those for PKUy Recently* a committee 
of the National Academ^ of Sciences ;eTiewed bip/nedieal, legal, and ethicaf 
aspects of genetic screening ^ offered procedufal guidancq. 

Informed coysent^ , 

Most laboratory tests are perfprmed because *th« patient s^ks help* iW 
screening, hQwever, it is tfce patient who is sought ^nd oiaw^bealthy subjects 
are pe^urbed. Consent For' screening, thcy-efore, must be viewed differentl]^ 
than consent for tests that rescl^ fft)m pa^tieni-miti^ted contact informed 
consent need not be a ba»f^ befween tha *screener and th^ 'patient and 
could, in facr, eliminate misiindefstandings. Provision of information, to 
parents before their infant* is screed for disorders^ for which treatment is 
availableVould allay anxiety at the time pf the terft and result in greater willing- 

^ ness of the parents to bring the baby in for a second test, should that be neces- 
sary. Jf, however, the rf^quircmerxts fop informed consent result in ►significantly' 
fewer. babies bein^ screened, a-manJ^^pjr^^i^og^am might be Fegaily justified 
under the parens palrtae doctAne which enables 'the. State to act to protect 
those wh^ ^^nnot protect tJremseljvcs. , . » ^ 

Any^xjse^ a specimen^ for piit^^^ses other than the demonstrated ben«flt 
of the infamt being screened cootitutC-s res^rch and mus( Conforrri to 
est^lished guidelines for reaearc'h^ children. Th^ doctnne^ of parens 

^patriae would not appl^ when proof is lacking that the screening test gpffords' 
pfotectiofKfo "the infant^ Thus, in situations when#a specimen'<9r part^f it) 

rWiIl be used ^ validate a new test orao jidenti/y infants m whom a new 
treatment will ^^lied, failure to infornK the parents about a^ as{>ects of the 
procedur^and to IbK^^^^^^ent cannot W justified * 

Rigbf to information ^ ^ 

In' newborn screening programs it m*ay iK)t ie feasible ^to inform parents 
of normal test results. This is4egally permissible provided' that parent^ are 
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^advised of it in advance and agtee. Investigators may- also wish to withhold 
- rcshirs ia situations when the specrmen'^i or part, of it will be used- to identify 
infants wifh coiidicions wilpse natural history " is uncertaTn. Infants may' be 
recruited into-such studies .if t^eir- parents are informedan advance atnd given 
an opportujnity to refuse -to allow them to participate. 

' Excejft for stati\cical data compiled without reference to'the idep^ity of the 
' subjects, fnfQrnjation regarding test* results shbuld nctfu^be released (for^ 
. example, t</ sdiool' authorities > without the consent ot che infant's patents. 
There is no threat to the public health— as in the case of communicable 
^li^eases— to justify, release of the* information. Furthermore/ release pf the 
• '.information may lead to omwarranted stigmatization of 4he infant 'or ;his. 
family. ' ' ' 

. •'Regulation of screening ^ . ^ 

' As ic becpmes possiljle to screeij ipr additional ^isorders, legislators t^t^y 
be influenced to pass laws dealing with ^ch qf them. State laws-p*w 
exist dealing With sickle ceil 'screening, histidinemia, galactosemia and other, 
conditions. Recognizing fhat 'separat^ laws for each new., disease may be 
cumbersome and may not reflect the best interests of its citizens, the ^ary- 
l^nd ^ate Legislatwfe created 'a Commissfon on^ Hereditary Disorders which 
haS the "authority 'to promulgate regulations ^nd standards for the d^tion 
and management of genetic conditions in the State. As a result ofhaving 
staggered terms of ofl^ce, the Commission always has experienced memBfcrs on 
It. Consequently, it is in a betteu position than the legislature, to whfch it is 

* responsible, to evaluate rh^ pros and cons of screening for specifici disorders. 
The inclu.Mon of Consumer members provides greafer^ assurance that pro- 
gbms recommended by the Commission serve 'the 'best interest, of . the 
public and that rights of informed consent and jcOrffidentiahty are safeguarded ^ 

Regionalization . , ^ 

Yt\ some S;ates the number-of births per year may be too small to slippoft 
'an efficient screening T)rogram and "several iBtates may contract .with one 
<penter'to\provide laboratory ^^ervi^cs Und* clinical consultation A regional 
network of 'screening covers Alaska, Montana, .^nd Oregon and a simtlarV 
network, includes Maine. ^assac^iiset;s. and Rhode, Island ..Regional net-^ 
^orks alsq exist in the Province bf Quebec, Canada,-; and in .several oi;Jier 

(fountrie*. " ' ^ V * 

The .Secretary of HejJjiu EdtlcaTton, and -Welfare hj4^sUggested the 
establishment of regionafnet works for iaborafbry wotk related to prenatal 
diagnpsis.-*^ If this .were to occur, ^newkorn ^scr'eenin^ tests mighr also 
ve^tually he performed 10 such -regionaL laboratories. This would improve 
iency and minimize d^Tays in f^lipv^up fJroi'icred that procedures were 



li>h^ concomitantly for the >apid ' tra^ission of specimens and 
, to and . from the regional Iaboratof> . " ''''' 



Scrcsening For Other Conditions 

« Newborn screening tests 4?ave now been reported for over 20 disorders. •* , 
•Most^of them require speSmcns from, infants- who are a few days»olcl, as ' 
' chcy measure metabolites whose accumulation in^aff^cted infants is, at least in ' 
part, defiendeot on dietary intake. Cord bipod' can i>e used for enzyme or 
protein assays to detect hypothyro^^m - and galactosemia.-* It has also 
been used ta identify women with^phenylketonuria as the infants of S|cK 

, mothers We high, phenylalanine concentr^nons in cord blood^but nbt in 
spccimens.obtamed later. Ammo acid chromatography of blood, panicularly 
when 'dbtained in the second week of life, enables detectton of PKU and 
^ other abnormalities with one test.-'' Urine chromat9gfaphy on speoiiB«ns 
collected at 2 to 4 weeks of age has also proved helpful in detecting condi- 
tions thSKspay be 'missed by blood screening" at- an earlier age.-* Part III^ 
f \ of this publication provides additional information on a number of Condi- 
tions, ^ , % 
Availability of a test 'i£ insufficient reason for insututing a public screening 
program. Some of the chemical^ disorders which are 'detected are not ' 
associated with any disease sfate. For others, the relatiori is uncertain and^ 
further study is needed. Also, m^ny tests require further validation. As a * 
^ minimum condition newborn screening s^K)uld meet at least one of the 

> following criteria bJefbre it is offered as U routine service:' 1)* Affected sub- 
jects who are discovered will benefit, as in the case of PK-U, from the 
early institution of therapy; 2) aife^d subjects and their families > will be 
apprised /)f -hazardous situation whjm should be avoided ^ (e.g., gencH^ally 
determined drug knd food^ intolerance^, 3 ) the families of affected subjects 

. discovered to have generic disorders can be counseled about risks of recurrence. 
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Figure! SCREENING PROCESS AND OUTCOME 



. Part 11: Kecommen^tion^ 



The first s^i6n of 'this part' suggests a fnodel for supervising screening 
operations .fdr any dfisorder, 'from innovarioo, through implementation, to 
evaiuation. The second section deals with laboratory respon^bilities and is 
intended not only for Jabor^tory personnel W for tftCsc ip-tKe screening 
authority to' whort[) the laboratory's rcsppnsible*. Th'e 'third section offer^ 
specific reconimfendarions regardi'tig PKU screening, , - ^ 
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A CEPfTRAL ORGANIZATION FOR SCREWING 

Screcni ng is more than a labora<ory 'Service, (See fig. 1}^ It inyo^ves manyl ' 
persons and operations from tKe trme*th|e infant Voters 'the screening process; 
contiriuidg through the latx3r^tory^jro|^dures, until diagnosis, is' ma(l^ .^tnd , 
management of the^ condition is'decidied upon/ ' ^ ' j 

An aditiinisfrative oiganization soch as a- State central authority under a 
'State Health Department • or a regional grouping of State Health Depart- 
ments, could most easily assure efficienSi operation and acceptance of a ^ 
^coordinated comprehensive program encoinpassing the activities idetvified. 
in figure 1. The proposed , authoritj^would N^rk with an advisory, boar^^ 
consisting of: 1) A representative* oi^\ospitals who send specimens; 2) a , 
specialist in metabolic disease; 3) a nurse and/or nutritionist involv/ej in 
management of patients; 4) a representati\fe of pfactictng^physicians, 5) the ' 
director of the laboratory performing th^ tests, and 6 ) consumers. ^ * - 

This propo^d central organiiarion could have the following responsibilities. 

Determine which conditions should be screened for ' . 

^ This. decision should be based prirparily on the following considerations: 
1) Frequency and severity of the condition, 2) Availability X)i a theVapy 
of proven efficacy; 3 > extent to which detecfion by i^reening improve^h^ 
outcome; 4) v^lidity*/eliability, and safety of the*J|reening tests; 5) a4l(H^f 
, of rciources to assure effective screening and followup; 6). costs; arid 7) 
acceptaiice of the screening test by *the community,* including both consun>ers ; 
a^nd practicing physicians. It mu^t. be emphasized "that rfie -availability of a' 
test is an insufficieAt confl^n for .undertaking 4outiift screening. 
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Determine' procedure f for ' ^ ' . • ^: 

• col^ctioii of specimens ^ ^ . ' 

.The age of the inknt'atthe time of the test is most crucial and will 
depend on the spjpcific disorder uncjer consideration. Once the cime- i$ de- 

• 'cidec^ responsibiUtj for collection of specimens, must be assigned and ac- 

cepted. G)llecrionV)f specimens during the first few dayy of life is usually 
performed by liospital personnel but jn the second^ week or later it can be 
done in th^ home by health visitors or parents (wKen urine is needed), in 
a clinic w office, or in. the hospifil On a return visit. Sctfndardized iiistruaions, ^ 
test forms, m^ilRl, and other needed materials should be provided to all 
wh6 col^^ specimens. Situations have been uncovered in which hospitals 
decide<^||p:h filter paper' ta use for the coUectiop of blood specignens and 
errors' occurred becausle tHe wrong maxerial was selected. < ' 

Determine f^ocedt^es far transmission of , ' . 

specimens and results, recording of data ' 

'All stcps'.up to and mcludrrig referral of. infants with presumptive positive 
tests should be performed with sufficient rapidity^ so that those in whom the 

• ^ diaijgnosis . is e?!taT>lisheH receive maximum benefit. To help assure that the 

^est is* performed on every mfantior whom the parents consent, a notation on 
the liospital medical record or firUth certiiicate shpuld be required. 

Deterfnine adequacy oj laboratory if or labomtovies) in' the .State 
(See also Laboratory Responsibilities) ^\ ' * 

- The 'central organization should be Hl!>le to*^ request fh^. laboratory ,to 
' evaluate, tests for additional conditi6ns, document fjeriddically the adequacy of 
' alr^dy in routme use, an4 use specified procedV" to feport results. * 

• Referral center " \. , 

Any center to. which infants with presumptive positive tests are referred 
should be capible^of cOnfifrming the. d»agnt)sis, initiating and monitoring 
therapy, and cOunSehng'the families. In order to accomplish this-the center 

» should fiave experience with the disorder, or related ones, anti should have 
defined line^ of communication xo the centraf authority and screening 
laboratory on the one hand and to practicing^physidans \yhO provide primary 
care to the patients with these conditions on the other. The central authority 

' should assin-e that no l^by discovered by screening to have -a genetic disorder^ 

/ ^ be denied treatrfient fof financial reasons. 

/ % . - 

'^Educatien-and information^ ' . ' « * 

Physicians, ccSlleges and schools, and the mass media should be utilised to 
educate the community regarding the availability of and reasons for screen- 
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ing. Informacioo should be provided to pregnant women and their partners 
< about the objectives ot the test, when and how, it will be done, which re- 
sults will be transmitted, and how. Jn cases of presumptive positive and 
unsatisfactory screening result^^ the central organization plight make available 
fori* letfe rs that coulJ be used to request followup tests. Practicing physicians 
itaust be kept informed about which conditions are being screwed and limita- 
tions of the tesas. • 

False negatives are possible with any test. \ In older infants with suspicious 
• findings the diagnosis should not be ruled out on the^ basis of a negative 
' screening test. * * 

^ . yDettrmine inforwd consent procedures ' * . 

To obtain consent, ififorn>ation may be jpresented to the parents either 
' pr^natally ot after birt^^ but not %vhen the mother is m Jabor or inunediat^ly 
^ l^oitpaftunv A stdtemi^t may be included that unless* a i>aretit specifically 
[ objectl, test will be^rformed. A more positive consent majNbe obtained 
orally, noted on. the infant's record^^or still more formally, by written state- 
— jl ment. If part of the specimen will be used for investigational purposes, the 
consent should note this intent and describe the type of investigation. A 
.4)roj:hure providing ' infprmaftTdn about the test(s), as well as a standard 
coijsent form, should be distributed by the central organization. 

EvaluoHon ' * , ) , 

The central organization should .periodically evaluate the individual com- 
ponents of the program as well as the entire program. (See Evamation 
under section. Recommendation's for Screening for Phenylketonuria) 




LABORATORY RESPONSIBILITIES, 



Quality control 

Because of problems in the performance and iiuerpretai^PWbf screening 
tpsts^ specimens should be analyzed in a large c/ntr^ facility. This may be 

.one laboratory within a State or, when the*amfibef of births in a State is 
too sm^U to permit efficient utilization, one^laboratory serving several States. 
If m6re than one laboratory rrfust be utikzech withid a State, the health de- 
partment must rigorously check the qp^ry of c^h laboratory. In addition, to 
-provide equal coverage of all jpf^njs born in the State,:2all of the tests 
deemed routine by the central authority should be performed by all laboratories 

• that are authorized to perform testV _ ^ . 
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MEAN Isd 2td 3sd , 
CONCEP^TRATION ^ . 

The small curves represent aff^ted infants, the $olid line, their results 4n the 
f »r$> week of life, the dashed h^e, theif results a few weeks later. $<!= standard 
deviation for the mean of all test Results during the tirtt Week of Tife. To detect 
a(^ affected infants during ^he first wee^ would requir^ipe^t testing 6f ali 
' infants who exceeded the mean by one sd. At'the laty age repeat testing wouldSe 
^ needed only on those -who exceeded the gnean by 3-sd..Te$t results in % ; 
una*ffeoted subject s\re much less affected by age. The diagram also applies 
when af^fected infants have reduced, rather than elevated, concentrations 
Jof the compound being screened. . * * — 
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Figure 2 DISTRFBUTION OF TEST RESULTS IN A POPULATION - 
SCREENED DURING THE FIR§T WEEK OF LIFE 

The Center for Disease Cbntrol, Atlanta, Georgia* w4il provide standard 
specimens that can be used to check the reliability of methods *in each partici- 
pating laboratory, assuring consistency ^of results between ' laJ>oratorie$. 
Bacterial assays and chromatography require vj^ual comparisons of an - ^, 
unfcnown and a standard. To minimize error, standg^ds should be included in 
the daily runs "^nd^^rom time to time, specimens with elevated. concen«ra- - 
tions inserted as upknowns. Intra- and inter-observer variability sho'ujd also 
be checked, . ^ 
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The possibilities of error are too great to ever base-' a ^liagnosis on a 
single' test result; this is true of any laboratory test bat particularly of screen- 
ing tests ia which the procedure itself, as well a^ the numbe/ of specimens 
'being handled simultaneously, increases chance of error Thus, a cmfirgia- 
tory test on a second specimen is always part of the rgutine management of 
positive screening tests. • * 

9 * 

Changes in supplies, personnel, instruments, or climatic- condition* ca"tt 
alter 'the results of tests rouriritly performed. Consequently, there ii-^neei to 
review periodically results obtained and to akec procedures or cutoff pointy 
accordingly. Methods repdrted iq ti^e -Iiceratur,e should be followed closely 
but cutoff 'points should not be ^accepted without validation on a sample of 
ihe local population which may differ m' age* or in environmental (e.g., 
nutritional) or'genetical factors from th^ population on^'which the literature 
^report wastased. Haadling of the speeySnens may also differ. 4 



Detem^ination of the cutoff point " , ^ * ^ 

^tnd optimal age fo^ testing ' . 

A cutoff point which distinguishes all of those with overt n^mjes tattoos of 
a condition from those who do not have the condiften /nay not distinguish all, 
or even most, presymptomaUc infahfs from thos! without (he condition. In 
affected subjects in the immediate postnatal perioy in particular, the coft- 
centration of substances destined to re^ rnuch higher levels 'may be only 
minimally elevated. 

«. ' * 

Ideally, in orcJer ta , determine hdw^frecjueatly the (futoff level that is 

selected wdl miss affected infants, -another test should be performed in 

every infant: EitH^fa more defTnitiye method (for e^amplc^uantitative 

determination of enzyme activity when tjie screeriing test measures metabolite 

concentration) should be employed simultaneously, or the test should be 

repeated when the infant^ ace oId^^r* ( Alternatively, all infants should be 

examined for the condition at an a^e when- chnicai ^manifestations^ are 

usually present, jhis may be several years after they are tested ) Jf the second 

test reveals infants *with the condition who had levels below the cutoff point 

on the screening test, either the' cutoff point'should be changed or the test 

should be performed when jnfants are older i #• 

.| ^As the cutoff point approaches<the mean of all test results, more and more 
subjects who do not have the condition wilf e^cceed jt (fig 2) A larg* 

jinumber of such "false positives * inflates the am of screening as they rnust 
stll be followed up «Thus. rather than alter the stfitoff ,pflj^ it may be more 
efficient^ to screen mfSnts when they arc somewhat oid^r provided therapy 
will still be' effective^ . ».\ * ^ 

i 



A less satisfactory method of determining an optimal cutoflF point than 
performing Wo te^ts on all infants involves perfbrming second tests oiJy 
, on, those whose screening test results fall outside of some multiple of the 
standard deviation of the mean on the ahndwaal side (fig. 2). For conditions 
of low incidence a higher multiple 'of tlje standard deviatiop . can be 
' seleaed in order to increase the ratio of true to false |5ositives among those 
receiving a second test. This approach assumes that all subjects with the 
C(»K]ition fall withm the population on which another test is performed. 

For tests which are already in, routine use, marked changg^ la^e mean or 
standard deviation in the most recent perjod compared to the *past may sug- 
gest the need for revalidation/ If 'the incidence of the condition is lower than 
I _ that*repptted^on comparable populations then revalidation is also indicated. 

Storage of specimens ^ • 

' Specimens, should be sayed^ under conditions to m'^imize stability, for as 
long as possible. Pheitylalamne and some olher amino acids >n dried blood 
spots on filter paper are stable for several years When an infant wh<lse screen- 
ing test was reported as negative is discovered to have the disease for which 
screening was performed, a retesi can indicate whether the laboratory was in 
error. Saved specimens may be used for validating tests for Other conditions, 
provided parental consent w^* giien Should a seriou? disuse be ^hdwn to 
have a' hiochemfcal aberratfoh, anflysis o^ the specimen saved from affected 
'infants may indicate that the condition is detfcctable. in the -newborn 

" * Recording of results^ y ^ ' . ^ 

* * The la|>or^tdry should keep perinaneyt records of all resuhs and periodically 
tabulate' them in order to determine changes^n. the frequency of both trim 
^ and false positives. The interval- it • takes for each hospftal to send specL- - 
.mens should be checked periodically and delay*^orrecte<^ A system should". 
* be developed to flag incomplete r^tords on^ whi^h a followup is due. ^ 
Records of all results are confidential and should be pleased only to the 
hospitaf responsible, for the coHection of the test X^st results may be 
' placed on the *nfantS medical record, or reported *to^the bab^ f^ysioian or^ 
^ other person specifically aweed to by tiie parents , • ' V 




* Eraluation of tests for new ~ * * 

conditions and new tests ' ^ 

The consent pf ibe parents is required, unless the specimen is used anpny- 
mously, to establish the precision and re^oducifi^lity of new methods. When 
a new test is being considered for a condi$on fot which screening i^*alxeady 
routine.^t should be run simuFtaneDysly with the aid on*the same s^imens. 



* RECOMMENDATIONS FOR SCREENING 
TOR PHENYLKETONURIA ~ • 

- I 

' Benefits bf PKU screening are sufficiently well established recfommend 
testing every baby born in this country. Since there' is not enougli experience 
with other conditioBs to make blanket statements about the advisability of 
' screening for theoi, each authority should be the judge of the capabiy>ty>of * 
ks jurisdiaion to screen for additional conditions, Screenii^ for a numbef^of 
orfier condition^ is reviewed iti Part III of this publication.* 



InforffiaUon oM consent ^ , 

Every pregnahv-'^nian should receive^ 'information Concerning PKU 
scxeening,. The centralViuthority^ should distribute to obstetricians, ^enatal 
Clinits; and others' responsible \ck the care of .pregnant w.omen a brochure 
containing the following information. 1 ) Definition of PKU and reasons for^ 
the test; 2> indication -^hat tjae test will not give Information about other 
. cai^ of mental retardation, 5) description of the test procedure including 
^hen and ^here it will be performed and how ilie specimen ^will bjp obtained; 

4) description of the . risks including the approximate number^ of t^ts al- 
ready perfprmed and the number of adverse reaction*, or the lack ol them; 

5) reasons that followup will be requested expliftning that a positive scre/en- 
t ing test d^ not, by itsctf, indicate the presence of phenylketonuria^ and 6) 

description of hqw the results will be communicat<|d If negative results will 
not be communicated- ri^ parents should be sgf informed (Thej^ should be 
told how. they can obtaio the' "results if they want "tfi>?m.) parents shonlJ 
^also'be informed of the* time it will take for notification of positive results, 
or if tlie t^t must be repeated because the specimen was ur^atisfactoij^. 

* It may be appropriate to include information on PKU screeninaf witK 
information . concerning other recommended procedures (eg, typing for 
blood incompatibilities. Tay-Sachs testfng in the population, and 

sickle cell screening in the black population) Inf^mation»on PKU can als<j 
be communicated, pjfthaps for a second time, after the woman delivers her 
baby. If a parent refuses to consent to the test, the refusal should be recorded 
in the infant's medical record. ' * 



Timing of the test ^ * 

Specimens should be collected no sooner than 2\ hours affer the^^onsct 

of milk feeding and as close as possible to nursery discharge, but no later , 

than 14 days after birth " ' • . . 
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' If^most infants are discharged' on or before thi* fourth day of life it is' 
preferable to screen in the second Veek of .life. However, unless there 'S\ 
assurance that this^can be accomplished for evkf^ infant, routine screening 
prior to 4iurser>; discharge should be performed as recommended earlier. 

A second blood test betweeh' 1 and^ 4 ^eeks^ of age is recommended for . 
all infants screened onDr before the fourth day pf life, or in infants with 
vomiting* or feeding diflSculties prfpr to tht time that' the first ^tcst 
was foileaed. Jf second test is routinely performed in order to' dettct 
other disorders, then a Tepeat test for phenylalanine should be. performed, 
at that time all specimens, \ - 

Infants born into iarhilies with a history of PKU should be testedj^ily 
during the hospital stay after birth Jfnd, if the results remain negatWC^ th^ 
. test should be repeated again at 2 weeks of age 

In premature infants the specimen should be collected not later than 
14 days after birth or as soon as protein intake is adequ^e 

^ ■ ■• . • ■ ' . ' 

Responsibility for testings * . 

•The, responsibility for cpllection of the specimen rests with the person 
in charge of th^ institution in which the jchild is bofn (or his^designated 
J representative) Or. <if a child is born outside the institution, with the person 
''dehveri-ng the infant or required by statute to file the eerttficate of birth. If 
an infant is discharged from the institution sooner than 24 hours after th^ 
onset of milk feeding or before a blood test is collected, the institution should 
be* respc^nsible* for -ensuring that a satisfaaory tesr^is obtained by 2 weeks of 
age If tests are to be j>erfofilied routinely after babies are discharged frOTi 
the hospital, th&;esponsibility can be assigned to tht baby's physician or we!l 
baby clinic, to a health* visitor in the home, or to the hospital in which the 
baby is born by requesting the parents to return at a specified time. 

Collection of ^specimens • * 

The following iftformanon should be affixed to each specimen: Name, 
sex, race, date of birth, identifying number of the infant, time and ;Iate^f 
the first ferffng. and time and date at which the specimen was obtained. 
Birth weight, type of feeding (Breast botfle), volume of milk ingested in 
last 24 hours* condition of the Baby at discharge, and name of the baby s 
physician are oth?r useful items Supplies for the performance of the test 
' should be provided by the central authority * • ^ 

All specimens should be forwarded by first class mail to, the labordtory 

4 withm 24 hours of collection. The envei^s in which they are mailed should 

\^ marked or colored to indicate that the); ^require prompt handling 
^ — — 
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Report of test resiflts ' 

labcwatory should report test results to the' institution or indiyidual 
mponsihlc for the colJectba ot the specimen within 5 days after its 
receipt: Ii^ cases of pbsitive tests telephor^ ccmipnunicat'io'ns may be used as 
wdl^ . ^ . • 

«.^The Teport of each test should be entered on the infant's medical record 
ari3, in the case.of negative Tests, ^be available td parents on request. Np test-^ 
result should be released by the laboratojy, the institution, or any oehef indi- 
^ -vidual,* except ^$ alreacly described, without the written authorization of the 
^ parent. ^ * ' . ' * 

Repeat tests for^presumptixe positives ^ 

In case of a presumed positive test, the institution or individual, or his 
designate, responAje for collectjon of the screening specimen should be 
responsible for owining a repeat ^t jind shoitld do so p%>mptly. If the 
infant cann^r be ffetrieved'for, a second\test, the central aathorit)'^ should be 
notified ^nd^further ft)Ilowup attempted* Ij^' the local health department Care 
should b^ takm not to ahrm the parents 5»f\dlily. pamtat^rrty^ When a second^ 
te!t is reqliesteN because the screeni% test was, unsatisfactory. The family's 
physia^n should be notified whenever possible, t^arents shoald be notified of" 
the results of followup tests, even jf negative, so that they do not remain con- 
cerned. ' ' ' , ^ 

The-central authority should be notified by the laboratory of confirmed 
positrve tests so thit the authority may inform the institution or the individual 
fw^o collected the, specimen as well as the family,s physieian. The central 
authority gitist also assure referral to ar center experienced in the ^kj 'of 
genetic-metabolic -Jisorders for confirhnarion^'of the diagnosis and marffge- 
ment of the treatment The fnfant and» family will benefit from the establish^ 
ment of a cooperative re.lafionship * between their /physician and the con- 
sultant. • ^ ' • . 

/ ^ 

^Criteria for diagnosis of RKi' ^ ' , ^ 

'The HEW publication Managemem o( Newborn Infants with Phenyl- • 
ketonuria" - contains a detailed descriptiojj/TF diagnostic prcKedures and man- 
agement In ^er to establish a 'diagnosis 'of PKU odcc a positive testj^ 
obtained, at least t^o separate determinations by a quantitative metlfod should 
yield a blood phenylalanine concentration of 20 mg I(X) irA^or higher and a 
tyrosm^ concentration of 5jng* 100 n?l or less Bcnh of these specimens should 
be collected when the feaby is rccti\jng adequate amounts of regular formula. 
If these criteria are satisfied. Jieta^ phenylalanine shouKft>e restricted even if " 
thd ferric chloride test is neg'itivc ( More sensitive groc^-du'res m4y ipdMte 
^he presence of phenylalanine metabolites in the urme } After the ipfant is** 
^started on a low phenylalanine dicf. frequent p)ni coring of serum or bkxHl 



pheny^alanine concentratioo-u-j^eeded Lower than expected levels suggest 
the p^ibiUty of a yartant^form. in Ay event,* the diagnosis should* be con- 
flrrriedjty* 6 months of agc^ challenginjg with a formula contaioliig normal 
amounts of phenylalanine - ' , * 

Acceptable screening procedures , ' 

Laboratory methods for screening have been reviewed elsewhere,^- ^^-*V^-7.^8 
rhe Guttttie bacterial inhibition a&say> the McCaman and Robiifs fluorometric 
assayr and chromatographic procedures oti either paper or thin layer plates 
are screening methods currently in us^, -TTie fluoromjetric method is most 
sensitive and precise. and paper chromatp^aphy is the least sensitive.^Paper 
chromatography should not be used VheH the specimen .is coUected in the 
first week of life. Determination of the cutoff -value, by any of these 
methods should be made in each laboratory according to the procedirres 
described in the preceding section oh Laborat(;tf> KesponsibiUties Neither the 
^Guthne 'h^ten^ inhibition assay on urine nor,.^t»e ferric chloride test nor 
Phenistix^ testf is a suitable screening test at any'fl^e^ * 



Evaluation ' ^ 

In order to evaluate the screening program, once each year each hospital 
should report its number of births, initial and repeat tests, and refusals to the 
central authority The laboratory, or laboratori^ performing tije tests should 
report the /number of first and repeat specimens received, a^the average 
and media* time from collection of the specimen to receipt by tKe laboratory 
for each hospital. The laboratory should also report the time required to 
process ^^pecimens (the time between receipt in the laboratory and the mail- 
ing^of results) and the interval between the. first positive test and foll<|wup. 
Disposition of all infants with positive tes0 shou^ 1^ determined .ftfm ap- 
propriate sources by the central authority and the incidence of PKU, -variants, 
and presumptive positive tests shodd be calculated and compared, to 
similar data from earlier years and other regions, ' ' ' T 

On the basis of this information the central authority responsible for the 
entire^screening program can suggest appropriate modifications of procedures 
'by the hospitals, iabora<ories. or othe/s involved in the program 
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Part IIL , Tests for other disorders 



Over 20 different genttic-metabolic conditions may be detected^y analysis 
of meconium, umbilical cord blood, blood in the first few wl^ks of life, or 
urine at 2 to 4 weeks of age. Although each condition represeii^ a chemical 
aberration, some are not respojyible for disease — iminoglycinur*ia, for instance. 
In othcK, such as histidinemia, Hartnup's syndrome, hypercholefiterolemiai or 
• cystinuria, it is doubtful that clinical problems will develop in Wery subject: . 
left unjtreated.^ ^ , 

<!nfant$ with some of the (^fer chemical abnormalities will, Hbwever, 
frequently go on to develop severe, overt disease (sickly cell anemia, thalas* 
semi,a, some forms of homocystinuria^ homozygous alphai anji-trypsin deficien- 
cy^ cystic fibrosis) for which, at the present time, there isMO eflfectivr 
prophylaxis. Al||ough neonatal det^tion^ of cystic fibrosis H sickle cell 
anemia may provide a family with information to avoid the Dtfth of other 
^ affected children, counseling services ve needed and tht effectiveness of 
' neonatal program^ with this objective remains to be proven. 'Furthermore, 
neonatal sdH^ning for cystic >fibtosis, using meconium, sweat, or other methods, 
requires fjBier validation; significant proportion of aflfected infants is 
^being miss^. Screening of/^oung adult? for sickte cell carriers is a more 
effeaive way of offering reproductive information to high risk couples than 
neonatal screening. 

Since some other detectable conditions are both severe and treatable buti 
extremely rare, the cost of establishing routine saeening programs just for 
them might be excessive. When, however, a screening program (including 
apj>ropriate followup) already exists, when no additional specimen is required, 
wh^n the methods required are similar to those in use, and when treatment is, 
effective only when started early in life^ the added cost may be small. Thus, 
while, maple syrup urin^ disuse and galactosemia are both rarer than PKU, 
they meet ^1 of these conditions if PKU screening is in operation. However, 
both disord^s can be fulminant and unless .screening is done in the first 
<veek^of»life and results reported promptly, tests for them may be .of no 
avail. The' test for orotic aciduria in the n^born has not been validated 
because of its extreme rarity. The concfition may also be treated* effectively 
later in life if the diagnosis is made. It should be suspected in cases of re- 
fractory hypochromic^ anemia. 

Finally, there are conditions detected in newborns which will result in 
difficulty only in specific environmental situations. Whether morbidity and 
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mortality from glucose-6-phosphAe dehydrogenase deficiency or from heredi- 
tary angioneurotic edema will be\ reduced as a result of ne<fnatal screening ^ 
reinains to be established. \ ■ - • ' l 

The section that follow/ lists a^iMmber of conditions for yh.ch it ma-j be 
of beriefit -to screen » specific te\ting circumstances. Et*er treatment is 
available or ^ Tamily wilf benefit f\)ai c'ounseling In each case the decision , 
to undertake screening should be bas^d on Jk: availability of resources at all 
Stages in tWprocess_(fig. D as weir )^s.<m validation of the procedure 4n the 
^ocal laboratory 

A. Dried blood on filter paper collected % the first week of life: 

1. Phenylketonuria 

2. . Maple syrup uritie .disease 

3. Galactosemia , r u f 
Bacterial assays^toj metabolites ^'h.ch accumulate are available for each ot 
these conditions.'^' An enzymatic assay W the ivere, classical form of. 

•gakaosemia is also available biit exposure bf specimens to heat (e.g.. warm 
weather) o/ dampness (eg., not air-dried l\efore mailing) leads to inactivS- 
tion of normal enzyme. 

4. Hypothyroidism . . ,,,, ■ 
Recently, a screening test for thyroxine (T,) ^'as reported capable of detecting^ 
congZital hypothyroidism on the fifth day ofVifce. " If perforirted earlier ■ the 
test may fail to Jetect some ihfants with de'ficiency. There are many, false 

' positives; 1 percent of infants require followup. The T. test is less sensitive 
= • than the TSH assay ( seb C2 ) performed on cord blood, and very recendy on 
dried blciod on filter papc'r./Hypothyroid mfants benefit from early treatment. 

5. Tyrosinemia , u j 
Except in populations in which hereditary tyrosinemia has been observed, 
this condiridn is probably too 'rare to merit -rogtine screening. One percent 
ef all infants may have^ansient elevations of tyrosine.--^-*- often accom- 
panied by m'oderate 'phenylalanine elevations In a specimen with an elevated 
phenylalanine the -finding of an elevated tyrosine makes a diagnosis of PKU 
unlikely and reduces tlje number of infants who" need rapid followup to 
ascertain the presence of PKy. ' * 
Fluorometric as well as microbiologic assay* for phenylalanine, tyrosine, and 

galactosemia are ^available. , 



B. Dried blood on filter paper collected from ths. beginning of the 
second to the fourth week of life. 

1, Phenylketonuria * ■ " 

2 Maple syrup urine disease ' - - 

3. Galactosemia 

24 • • 
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^ It may however, be too ,^te ta screen eflfectively for galactosemia and maple 
syrup urine disease. . , . * • ^ ^ . : 

4. Hypo^froidism 

Tyrosinemia , 

6. Hofnpcystinuria • ' 

The ]>acterial assay will only det^t those forms of the disorder in whi^h [ 
serum methionine is, elevated. In tHe first week of life the jest may ngt be 
sufficiently sensitive to detect the form responsive to vitamin* Bq^^ and ^ 
even 0x a later age further validation is needed. Certain other inborn errprs 
as well as high protein intake may also cause elevations of methionine. - 
Phenylketonuria, %iapl? syrup urine disease, tyrosinemia and homocystipuri? ^ • 
can be detected by either paper o^ thin layer chromatography. ^'^ With 
current stains the method mary be less sensitive than those previously 
mentioned ani consequently, it should not be used in infants^ younger than 
1 week' without careful validatioiC " 

7. Hyperglycinemias , 

At the present time chromatography is the (5nly routinely used screening 
method theoretically capable of detei^n^tbnditions in which hyperglycinemia 
is present'. Howc;ver, blood levels may be* only minimally elevated and affected 
infants could escape detection. Infants with all But th^ nonketotic form ap- 
* pear to benefit from treatment. Genetic-metabolic 'disease should -be con- 
sidered in any young infant with' ketoaci4uria. Amino acid chromatography is 
also likely to discover urikhown compoun Js vat ions of known amino 

acids which have liot hitherto been associated with disease. If the infants 
from whom such specimens are obtained are asymptom4tic. no therapy is 
indicated i)^t pathological changes may appear and th^se infants should be 
followed. . 



' C. Cord 

Blood from the plaoeptal end of the umbflical cofd^can^be collected iifto a 
test rube or onto filter paj>er Cafe mu^t be; taken not to contaminate the 
specimen with maternal blood ' , ' • . 

1. Maternal PI<U \ , . . 

* Most women o4 childbe^fing age are too old to have beep streened in child- 
hood. Thus, they may have undetected PKtf. In such cases the cord blood Will 
show an elevate4 }fhenyialanine, bur rhe'cbncerirration will falUin the next 
%few days of life unless, because the father is. a Carrie^ the child has PKU. 

Even those infants bf mothers with PKU, who do not themselveTh^j* PKU, 
^ will b/ retarded because of exposure to elevated phenylalanine in iitero. 'Litti€ 
• can be done to benefit these in^fants, but the mpthers can be^ counseled con- 
cerning Tjsks to future offspring. • - 

2. Hypothyroidism , ^ ' ^ ^ 
A screening assay for TSH in cord blood has been r^Jported which appears 
capable of detecting infants with hypothyroidism -^>\in order to assure that 

^ i->' • , 19 
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aflFected infai^ts will not be ipissed by either the TSI^ assay, nor the thyroxine 

(T4) mcthcxi, an independent measurement (for"" instance, the* odier test) 

should be obtained. Or, all infants wfth negative tests should be fojlowed'^up 

until the procedure is validate^. (See A4)* , > 

5. Galactosemia - * 

The enzyme assay allows early detection, faah fating 'therapy of tlie classical 

form. ' • , . * ^ * 

4. ^ Arginino-succinic acideiAia ^ * * 

'A screening enzyme assay has detected one in'Rnt m^*the newborn period. 
The disorder is .of variable severity. Prompt diagnosis of tHe neonatal form 
may be beneficial, although the outlook at the fp#ieitt tirire is gloomy.. 
Treatment of the.- less severe form is probably efficacious in -reducing mental 
retard^on. 

D. Urine collected betweensl and 4 weeks of age: 

Parents can be giveii^ filter paper ktt, mailer, and iti^tructions for urine 'col- 
lection or the specimen can be collected at the tiine of the first office 
or clirKc visit. This may be ^moje costly in tirpe than collecting blood. Fewer 
than 70 pefcent of parents may send in specifnens Chromatography of the 
urioe can result in the detection of" , 
1., Phenylketonuria . / ^ ^ ' 

2. Maple syrup urine disease ' * 

3. Tyrosinemia ^ 

4 Homocysririuria * • , «' ^ 

' This method detects both high- and lo>v methionine forms as hopiocystine 
can be directly observed.. 

5. Hyperglycinemia " 
Qliantitative amino acid analysis of blood ts needed to assure that hypergly- 
cinemia as w^l as hyperglyf inuria is present. Iminoglycinurja is a ^bedign 
conditiqn in ^hich blood glycine is normal, ^, \ 

6. Arginino-succmic acidemia - ' , 

7. Galactosemia ^ 

Although a generalized £unino aciduria may be present * in this and other 
^op^W?(ons at 1 month of age, chromatography .of sugars is the specific urine 
screening, technique ^ * , 

8 Cystinuria " . * 

Most infant? will never requirejherapy, but when there is a family history of 
^enal stones further study to determine whether there is a need for prophylaxis 
IS indicated. 

Many other conditions can be detected by chromatography for amino acids 
but either their significance is unknown, no treatment is available, or they 
are pot associiited with disease. The scree ner should^ inform pafenjts prior to 
the test about the possibility of detecting condition^ in these categories. 
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